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@ Cetain hydrogenated oligomers of 1-alkene hy- 
droctftons have been found to be substantially 
biodegradable upon exposure to microbiological 
agents of types widely available in the environment. 
Thus, n an operation wherein lubricating oil or func- 
tional fluid is released into the environment, there is 
provided for use as the lut)ricating oil or functional 
fluid a substantially biodegradable lubricating oil or 
functional fluid at least 10 percent by volume of 
which is composed of at least one substantially 
biodegradable liquid hydrocartx)n of lubricating vis- 
cosity formed by oligomerisation of 1-alkene hy- 
drocartwn having 6 to 20 cart)on atoms In the mol- 
ecule and hydrogenation of the resultant oligomer. 
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As is well known, there are many situations 
wherein oleaginous fluids are released into the en- 
vironment For example, lubricating oils utilized in 
the operation of outboard motors, chain saws, and 
other types of field equipnr>ent almost inevitably 
come in contact with the land and water surfaces of 
the earth. The same is true of oleaginous liquids 
used as carriers or diluents in agricultural sprays, 
such as herbicides and plant growth regulants. It is 
also commonplace for engine oils, trar«mission 
oils, gear box oils. etc.. to leak onto pavement or 
ground surfaces arKj thus eventuaSy find them- 
selves in tt>e natural environnr>ent Another source 
of such releases to the environment involve rupture 
or leakages from high pressure hydraulic systems 
such as vehicular brake lines, hycfrau&c systems 
used in construction and earth moving equipment 
or military vehicles or eqwpfnent, and the like. 
Paper mill oils arid compressor oAs likewise find 
their way into the natural erwironment 

Unfortunately, formulated mineral oil lubricants 
and functional fluids can be harmful to the environ- 
ment since in most cases they are not acceptably 
t)iodegradable. Yet, in many cases, only hydrocar- 
boriaceous fluids were deemed to possess the 
requisite combination of properties for the pur- 
poses at hand and to meet the eoorxxnk: param- 
eters involved in tiie production and usage of such 
products. For example, synthetic ester oils and 
natural oils such as rapeseed oil possess shor- 
tcomings with respect to such properties as ox- 
idative stability (especially at elevated use tem- 
peratures), hydrolytic statiilfty, fiitrability, and de- 
mulsibility. 

There is, therefore, a need for an efficacious 
way of reducing the extent and severity of such 
environmental abuse while at the same time provid- 
ing lubricants and functional fluids possessing de- 
sirable physical properties wHhin the confines of 
economic restraints. This invention is deemed to 
fulfill this need. 

This invention involves, inter alia, the truly sur- 
prising discovery that certain hydrogenated 
oligomers of 1-alkene hydrocartxwts are substan- 
tially biodegradable upon exposure to mk:robiok^- 
ical agents of types widely available in the environ- 
ment Thus in operations wherein lubrrcating oils 
and functional fluids are released into ttie environ- 
ment accidentally or otherwise, the provision and 
the use of lubricants and functional fluids contain- 
ing such hydrogenated 1 -olefin hydrocarbon 
oligomers can conb^ibute materially to environnrien- 
tal protection. And moreover, such provision and 
such usage can be achieved without devastating 
consequences insofar as requisite performance 
properties and economic considerations are con- 
cerned. 

Thus in accordance with one embodiment of 



this invention, in an operation wherein lubricating 
oil or functional fluid is released or likely to be 
released into the environment, there is provided the 
improvement which comprises providing for use as 

5 the lubricating oil or functional flukj a substantially 
biodegradable lubricating oil or functional fluid at 
least 10 percent by volume of which is composed 
of at least one substantialy bkxjegradable liquid 
hydrocarbon of lubricating viscosity formed by 

10 oligomerisation of 1-alkene hydrocarbon having 6 
to 20 carbon atoms in tt» molecule and hydroge- 
nation of the resultant oligomer. In another embodi- 
n>ent of this invention, the improvement in such 
operation comprises using or utilizing as the 

fs lubricating oil or functional flukl in such operation a 
substantially bkxiegradable lubricating oil or func- 
tional fluid at least 10 percent by volume of which 
is composed of at least one substantially bkxjeg- 
radable liquid hydrocarbon of lubricating viscosity 

20 formed by oligomerisation of 1-alkene hydrocartwn 
having 6 to 20 carbon atoms in the molecule and 
hydrogenation of the resultant oligomer. 

By "substantially t»odegradable" in this speci- 
fication and in the appended claims is meant that 

25 tt>e oleaginous liquid in question has a biodeg- 
radability when tested and reported in accordance 
witti test method CEC L-33-T-e2 of at least 20%, 
preferably at least 30%, and more preferably at 
least 40%. tt is also to be noted that for the 

30 purposes of this invention the term "functional flu- 
id' as used In ttie specification and claims includes 
solvents and/or canier ftiids (e-g.. for agricultural 
sprays or formulations) as well as hydraulic fluids, 
quenching oils, cutting oils, machining oils, arxj the 

35 like. 

Further embodiments of this invention include 
a substantially biodegrad^ lubricating oil or func- 
tional fluid composition which comprises at least 
10% by volume of at least one substantially 

40 kjiodegradable liquid hydrocartx)n of lubricating vis- 
cosity formed by oligorrwrisation of 1-aikene hy- 
drocart)on having 6 to 20 cartxsn atoms in the 
nnolecule and hydrogenation of the resultant 
oligomer. In another of its forms, this invention 

45 relates to a sut^stantially biodegradable lubricating 
oil or functional fluid composition of the type de- 
scribed alxjve when in contact with at least one 
microbiological agent capable of causing biodeg- 
radation of at least a substantial portion of the 

50 substantially biodegradable liquid hydrocarbon of 
which such lulMicating oil or functional fluid com- 
position is comprised. In this form of this invention, 
such microbiok»gk:aI agent can be in the earth or in 
a body of water. 

55 Yet another embodiment of this invention con- 
cerns a method which comprises causing a 
lubricating oil or functional fluid composition of this 
invention to come in contact with at least one 
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microbiolo^ agent capabte of causing biodeg- 
radation of at least a substantial portion of the 
substantially biodegradable liquid hydrocarbon con- 
tent of such composition. 

Other embodiments of this invention will be 
apparent from the ensuing description and appen- 
ded claims. 

Among the advantages of this invention are the 
surprising sutistantial biodegradability of the hy- 
drogenated 1 -olefin oligomeric lubricants and func- 
tional fluids utilized in accordance with this Inven- 
tion, together with the combination of desirable 
properties which they possess. For example, the 
substantially biodegradable hydrogenated poty-o- 
olefin lubricants a«d functional fluids of this Inven- 
tion possess in general t>etter low temperature 
properties than comparable mineral oils. And as 
compared to synthetic ester oils and natural oils 
such as rapeseed oil. the substantially biodegrada- 
ble lubricants end functional fhiids of this invention 
generally possess superior oxidative stability (e.g.. 
in the ASTM thermal oxidation stability test D 943). 
better hydrolytic stability (e.g., in the ASTM 
hydrolytic stability test D 2619), superior filtrability 
(e.g.. in a wet filtration test), and better demulsibilty 
(e.g., in the ASTM demulsibiity test D 1401). 

Not ail hydrogenated 1-aJkene hydrocarbon liq- 
uid oligomers meet the sut)stantially biodegradable 
requirements of this invention as above specified. 
Thus in any given sHuatiCK) recourse should be had 
to the simple expedient of subjecting the prospec- 
tive hydrogenated 1-alkene liquid oligomer to the 
CEC L-33-T-82 test procedure in the manner there- 
in specified to determine the % biodegradability of 
the oligomer under consideration. Generally speak- 
ing, hydrogenated liquid oligomers of linear 1-al- 
kenes containing at least 50% dimer. trimer. and/or 
tetramer formed using a water or alcohol promoted 
Friedel-Crafts catalyst tend to possess the requisite 
btiodegradabiiity to be classified as substantially 
biodegradable and thus are preferred. Particulariy 
preferred are liquki hydrogenated oligomers of lin- 
ear 1-alkenes containing at least 80 or 90% dimer 
and/or codimer species. The l-alkenes used to 
form such oligomers shouM contain from 6 to 20 
cartxxi and preferably from 8 to 16 cartx>n atoms 
in the molecule. In addition, such 1-alkenes should 
be linear 0*o.. substantially free of branching and 
cyclisation). 

Methods for the production ' of such liquid 
oligomeric 1-aikene hydrocartxjns are known and 
reported in the literature. See for example U. S. 
Pat. Nos. 3.763.244; 3J80.128; 4.172.855; and 
4.21 8.330. Additionally, hydrogenated 1 -alkene 
oligomers of this type are available as articles of 
commerce, for example, under the trade designa- 
tions HITEC<» 162, HITEC® 164. HITEC® 166. and 
HITEC® 168 poly-o-olefin oils (Ethyl Petroleum Ad- 



drtives, Ltd.: Ethyl Petroleum Additives, Inc.). Suit- 
able 1-alkene oligomers may also be available from 
other suppliers. As is well known, hydrogenated 
ofigomers of this type contain little, if any. residual 

5 ethytente unsaturation. Preferred oligomers are 
formed by use of a Friedet-Crafts catalyst 
(especially boron trifluoride promoted with water or 
a Ci -20 alkanol) foltowed by catalytic hydrogena- 
tion of the oligomer so formed using procedures 

70 such as are described in the foregoing U. S. pat- 
ents. 

Other catalyst systems which may also be 
used to form oligomers of 1 -alkene hydrocartK»ns, 
which, on hydrogenation. provide lubricants and 

75 functk)nal fluids which may be substantially biodeg- 
radable, include Zeigler catalysts such as ethyl 
^minum sesqukiitorkle with titanium tetrachloride, 
aluminum alky! catalysts, chromium oxide catalysts 
on silfca or alumina supports and a system in 

20 which a boron trifluoride catalyst oligomerisation is 
foltowed by treatment v^th an organic peroxide. 

Mixtures or blends of such 1-alkene oligomers 
can also be used in the practise of this inventkxi 
provided the overall blend possesses the requisite 

25 bkxiegradability as specified above. Typical exam- 
ples of suitable blends of hydrogenated 1-decene 
oGgomers include the following blends in which the 
typical compositions are expressed in terms of 
normalised area percentages by GC and wherein 

30 "n-d." means "not determined": 

75/25 Blend of HfTEC 162 and HITEC 164 poly-a- 
otefin oils : 

35 Composition - Monomer 0.3, Dimer 66.8, Trimer 
27.3, Tetramer 4.8. Pentamer 0.8. 
Properties - Viscosity at 100* C: 2.19 cSt; Viscosity 
at 40'C: 7.05 cSt; Viscosity at -18* C: 84.4 cSt 
Viscosity at -40* C: 464 cSt; Pour point: <-65*C: 

40 Flash point (ASTM 0 92): 166* C; NOACK volatility: 
78^^. 

50/50 Blend of HITEC 162 and HITEC 164 poly-a- 
olefin oils : 

4S 

Composition - Monomer 0.2. Dimer 44.7, Trimer 
45.9. Tetramer 7.6, Pentamer 1.3. Hexamer 0.3. 
Properties - Viscosity at 100* C: 2.59 cSt; Viscosity 
at 40 ' C: 9.36 cSt; Viscosity at -18' C: 133 cSt; 
50 Viscosity at -40* C: 792 cSt; Pour point: <-65*C; 
Rash point (ASTM D 92): 168* C; NOACK volatility: 
57.4%. 

25/75 Blend of HPTEC 162 and HITEC 164 poly-a- 
55 olefin oiisi 

Composition - Monomer 0.1. Dimer 23.1. Trimer 
62.7. Tetramer 11.5. Pentamer 2.1. Hexamer 0.5. 
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Properties - Viscosity at 100* C: 3.23 cSt; Viscosity 
at 40'C: 12.6 cSt, Viscosity at -18* C: 214 cSt; 
Viscosity at -40* C: 1410 cSt; Pour point <-65* C; 
Rash point (ASTM D 92): 190* C; NOACK volatility: 
30.8%. 

95/05 Blend of HITEC 164 and HITEC 166 poly-or 
olefin oils: 

Ck)mposition - Dimer 0.5. Trimer 78.4, Tetramer 
15.6. Pentamer 3.7. Hexamer 1.8. 
Properties - Viscosity at 100* C: 4.15 cSt Viscosity 
at40 C: 17.9 cSt; Viscosity at -18* C: njd.; Viscos- 
ity at -40* C: 2760 cSt: Pour point: <-65*C; Rash 
point (ASTM D 92): 225 *C; NOACK volatility: 
10.5%. 

90/10 Blend of HITEC 164 and HITEC 166 poly-a- 
oiifin oils: 

Composition - Dimer 0.3, Trimer 76.0, Tetramer 
17.0. Pentamer 4.7, Hexamer 2.0. 
Properties - Viscosity at 100* C: 4.23 cSt; Viscosity 
at40'C: 18.4 cSt; Viscosity at -18* C: n^.; Viscos- 
ity at -40*0: 2980 cSt; Pour point: <-65'C; Rash 
point {ASTM D 92): 228*0; NOACK volatility: 
11.4%. 

80/20 Blend of HITEC 164 and HITEC 166 poly-a- 

olefin ^is: 

Composition - Dimer 0.3, Trimer 71.5. Tetramer 
19.4. Pentamer 6.5. Hexamer 2.3. 
Properties - Viscosity at 100* C: 4.39 cSt; Viscosity 
at40'C: 19.9 cSt; Viscosity at -18* C: od.; Viscos- 
ity at -40*0: 3240 cSt: Pour point: <-66'C; Rash 
point (ASTM D 92): 227*0; NOACK volatility: 
9.2%. 

75/25 Blend of HITEC 164 and HITEC 166 poly-a- 

oiefin Sisi 

Composition - Dimer 0.7, Trimer 69.0. Tetramer 

21.0. Pentamer 7.3. Hexamer 2.0. 

Properties - Viscosity at 100* C: 4.39 cSt Viscosity 

at 40 C: 20.1 cSt; Viscosity at -18*0: 436 cSt; 

Viscosity at -40*0: 3380 cSt Pour point; <-65*C; 

Rash point (ASTM D 92): 226* 0; NOACK volatility: 

14.2%. 

50/50 Blend of HITEC 164 and HITEC 166 poly-q- 

olefin oils: 

Composition - Dimer 0.4, Trimer 57.3, Tetramer 
27.4. Pentamer 11.8. Hexamer 3.1. 
Properties - Viscosity at 100* 0: 4.82 cSt; Viscosity 
at 40'C: 23.0 cSt; Viscosity at -18*C: 544 cSt; 
Viscosity at -40*0: 4490 cSt; Pour point <-65*0; 



Rash point (ASTM D 02): 226*0; NOACK volatility: 
12.5%. 

25/75 Blend of HITEC 164 and HITEC 166 poly-g- 
5 olefin oiii: 

Composition - Dimer 0.3, Trimer 45.3. Tetramer 
33.4, Pentamer 16.4, Hexamer 4.6. 
Properties - Viscosity at 100* C: 5.38 cSt; Viscosity 
10 at 40'C: 26.8 cSt; Viscosity at -18*0: 690 cSt 
Viscosity at -40*0: 6020 cSt; Pour point <-65*C; 
Rash point (ASTM D 92): 250* 0; NOACK volatility: 
9.2%. 

rs 75/25 Blend of HITEC 166 and HITEC 168 poly-g- 
olefin dis : 

Composition - Dimer 0.4, Trimer 28.4, Tetramer 
42.0. Pentamer 22.9, Hexamer 6.3. 
20 Properties - Viscosity at 100* C: 6.21 cSt; Viscosity 
at 40' 0: 33.7 cSt; Viscosity at -18*0: 1070 cSt 
Viscosity at -40*0: 9570 cSt; Pour point: <-65*C; 
Rash point (ASTM D 92): 242* 0; NOACK volatility: 
6.8%. 

25 

50/50 Blend of HITEC 166 and HITEC 168 poly-o- 
oiefin oils: 

Composition - Trimer 20.4, Tetramer 45.4. Pen- 
30 tamer 26.5, Hexamer 7.7. 

Properties - Viscosity at 100* C: 6.79 cSt; Viscosity 

at 40'C: 38.1 cSt; Viscosity at -18*0: 1180 cSt; 

Viscosity at -40* C: 12200 cSt Pour point: <-65* C; 

Rash point (ASTM D 92): 244* C; NOACK volatility: 
35 6.0%. 

25/75 Blend of HITEC 166 and HITEC 168 poly-a- 
olefin oils: 

40 Composition - Dimer 0.2, Trimer 13.8, Tetramer 

48.0. Pentamer 29.2. Hexamer 8.8. 

Properties - Viscosity at 100*C: 7.27 cSt; Viscosity 

at 40'C: 42.2 cSt; Viscosity at -18*0: 1410 cSt; 

Viscosity at -40*0: 15300 cSt: Pour point -60* C; 
45 Rash point (ASTM D 92): 248* C; NOACK volatility: 

4.3%. 

It is also possible in accordance witti this in- 
vention to utilise blends of one or more sufficientiy 
biodegradable liquid hydrogenated 1-alkene 

50 oligomers in combination with other oleaginous ma- 
terials which are themselves sufficientiy biodeg- 
radable such that the resultant blend meets the 
biodegradability requirement of this invention, and 
provided further that the resultant blend possesses 

55 the requisite compatibility, stability and perfor- 
mance criteria for the use for which tiie blend is 
designed, formulated, and provided. 

Illustrative non-oiigomeric oils and fluids of 
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lubricating viscosity which can be used in fonnulat- 
ing substan6al}y biodegradable lubricating oil 
andA>r functional fluid blends pursuant to this in- 
vention, include synthetic esters such as mixed Cs 
and Cn diaflcylphthalates (e.g.. ICi Emkarate 91 IP 
ester oil), tnmethylol propane trioleate, di- 
Osotridecyl)-ad^)ate (e.g., BASF Glissofluid A13). 
pentaerythritol tetraheptanoate and the like; and 
liquid natural tatty oils and esters such as castor 
oil. olrve oil. peanut oil. rapeseed oil. com oil. 
sesame oil. cottonseed oil. soybean oil. sunflower 
oil, safflower ofl. hemp oil. finseed oil. tung oil. 
oiticica oil. ioioba oil, and the like. Such oils may 
be partially or fully hydrogenated. if desired. Here 
again, the onty requirements are that the resultant 
blend be substantially biodegradat>le within the 
meaning specffied above and that the blend have 
the requisite properties for the intended use or 
uses therefor. 

It is also possible to include small amounts of 
mirteral oils in t>lends with one or more substan- 
tially biodegradable linear 1-alkene hydrocarbon 
oligomers, and such blends may in turn contain 
one or mom other base oils (synthetic ester, 
polyalkylene glycol, natural fatty oil or ester, etc.). 
provkJed that tie overall blend is itself substantially 
biodegradat>le. The amount of mineral oil whrch 
can be present in the foregoing blends will depend 
in large measure upon the stmctural and molecular 
characteristics of the mineral oil. such as the 
amount of methyl-branched and cyclic species 
present, configurations which resist biodegradation. 
Accordingly in any given situation recourse should 
be had to the CEC L-33-T-72 test procedure to 
Insure that the proposed amount of the proposed 
mineral oil in the proposed overall blend does not 
prevent the overall t>lend from being substantially 
biodegradable. 

Conventksnal amounts of conventional additives 
typically used in lubricating oils and/or in functional 
fluids can be utilised in the liquid hydrogenated 1- 
alkene hydrocartwn oligomer-containing composi- 
tions of this mvention. provided of course that the 
additives as used are compatible with each other 
and are suffkaently soluble in the base oil at the 
desired concentrations to provkle a homogenous 
solution at ambient temperatures. Examples of 
such additives, although well known to those skilled 
in the art. are given hereinafter. It is worth noting 
that such additives need not in and of themselves 
be biodegradable. The only requirement is that the 
concentrations employed - which are normally rel- 
atively low - in the base oil should not prevent the 
finished lubricant or functional fluid from remaining 
substantially biodegradable. 

To still further protect the environment, this 
invention provides in accordance with preferred 
embodiments thereof, novel compositions which fa- 



cilitate the detection of leakage and other exces- 
sive releases of lubricant and/or functional fluid to 
the environment. Thus to the extent, if any. that the 
lubricant or functional flukl composition is not 
5 bkxtegradable. eariy detection of such leakage or 
excessive release thereof to the environment en- 
ables prompt remedial action to be taken to arrest 
further leakage or excessive release to the environ- 
ment 

10 fen accordance with such preferred embodi- 
ments there are provided sut^stantially biodegrada- 
ble lubricatirig oil or functional fluid compositions 
which comprise a major proportion of an oleagi- 
nous fluid containing a small visualty-perceptit>le 

15 chromophoric quantity of an oil-solubte 
chfomophoric sut)stance. Such oleaginous fluid 
comprises by volume at least 10 percent, prefer- 
aWy at least 25 percent, more preferably at least 
50 percent, still more preferably at least 75 per- 

20 cent, and most preferably 90 percent or more of at 
least one substantially biodegradable liquid hydro- 
carbon of lubricating viscosity formed by 
oligomerisation of 1-alkene hydrocarbon having 6 
to 20 cart>on atoms in the molecule, and hydroge- 

25 nalwn of oligomer so formed. Preferably, the 
chromophoric substance emptoyed has a maxi- 
mum absorption wavelength within the range of 
300 to 650 millimicrcwis. Typical, but prefen-ed, 
chromophoric substances have maximum absorp- 

30 tion wavelerigths respectively of 400, 420, 515. 
518. and 640 millimicrons. A particularly preferred 
chromaphoric substance is comprised of a mixture 
of two chromophoric compounds, one having a 
maximum absorptk^n wavelength of about 420 mil- 

35 limfcrons and the other a nwximum absorption 
wavelength of about 640 millimicrons, whereby the 
product has a green colouration. 

The following examples, in which parts arKi 
percentages are by weight, illustrate but do not 

40 limit and should not be construed as limiting, the 
practise of this invention. 

EXAMPLE 1 

45 A hydrogenated poly-a-olefin synthetic lubricat- 
ing oil containing typically 90% hydrogenated l- 
decene dimer and having a typical viscosity at 
100* C of 1 .7 cSt. a typical specific gravity at 15* C 
of 0-80 g/mL. a flash point of 155* C, and a pour 

50 point of -55 *C (HITEC® 162 lubricating oil) was 
placed in contact with a bacterial inoculum from a 
sewage plant pursuant to test method CEC L-33-T- 
82. Upon completion of the test in accordance with 
such test method, the lubricant was found to have 

55 a biodegradation of 45%. Repetition of this proce- 
dure in another laboratory resulted in a biodeg- 
radation value of 92%, 
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EXAMPLE 2 

Tb© procedure of Example 1 is repeated ex- 
cept that the lul>ricant In this instance is a hydroge- 
nated poly-a-olefin synthetic lubricating oil contain- 
ing 82.7% hydrogenated 1-decene timer and 
14.6% hydrogenated 1-decene tetramer and having 
a typical viscosity at 100* C of 3.9 cSt, a typical 
specific gravity at 15* C of 0.82 g/mU a flash point 
of 205* C, and a pour point of -65* C (HITEC® 164 
lubricating oil). This lubricant was found to have a 
biodegradation of 23% when subjected to test 
method CEC L.33-T-82. 

EXAMPLE S 

Repetition of Example 1 using as the hjbricant 
a hydrogenated poly-o-olefin synthetic lubricating 
oil containing typically 4.3% hydrogenated 1-de- 
cene trimer, 56.3% hydrogenated 1-decene 
tetramer and 33.9% hydrogenated 1-decene^ pen- 
tamer arxJ having a typical viscosity at 100 C of 
8.0 cSt, a typical specific gravity at 15*C d 0.835 
g/mU a flash point of 230* C. and a pour point of 
-55 *C {HITEC® 168 lubricating oil). This lubricant 
was found to have a biodegradation of 24% when 
subjected to test method CEC L-33-T-82. 

COMPARATIVE EXAMPLE 

Application of the procedure of Example 1 to 
several other synthetic poly-a-olefin lubricants hav- 
ing typical viscosities at 100* C of 10. 40, and 100 
cSt respectively, gave the following biodegradation 
results in test method CEC L-33-T-82: 10 cSt = 
10% and 6% (results of two separate laboratories): 
40 cSt = 4%; and 100 cSt = 16%. 

EXAMPLE 4 

A suitably formulated lubricant containing as 
the base oil the hydrogenated poly-orolefin syn- 
thetic lubricating oil as described in Example 3 is 
provided for use as a chain saw lubricant When 
the lubricant is released to the natural environment, 
it is biodegraded to a greater extent than a naph- 
thenic mineral oil of the same viscosity. 

EXAMPLE 5 

A suitably formulated lubricant containing as 
the base oil the hydrogenated poly-o-olefin syn- 
thetic lubricating oil as described in Example 3 is 
provided for use as a lubricant for two-cycle en- 
gines. When the lubricant is released to the natural 
environment, it is biodegraded to a greater extent 
than a blend of the same viscosity composed of 
paraffinic and naphthenic mineral oils. 



EXAMPLE 6 

A suitably formulated lubricant containing as 
the base oil the hydrogenated poly-a-olefin syn- 

5 thetic lubricating oil as described in Example 1 is 
provided for use as a fluid for use in vehicular 
shock absorbers. When the lubricant is released to 
the natural environment, it is biodegraded to a 
greater extent than a blend of the same viscosity 

10 composed of paraffinic, aromatic and naphthenic 
mineral oils. 

EXAMPLE ? 

IS Three chromophoric lubricant and functional 
fluid base oil compositions of this invention are 
formed by blending with the synthetic lubricating 
oils as described in Examples 1. 2, and 3, 0.01% 
of a methyl derivative of azobenzene-4-a20-2-naph- 

20 thol having a maximum absorption wavelength of 
518 millimicrons and an approximate pour point of 
-26 *C (C.I. Solvent Red 164). Leakage or spillage 
of these substantially biodegradable lubricant com- 
positions is readily perceived by the naked eye. 

25 

EXAMPLE S 

Three chromophoric lubricant and functional 
fluid base oil compositions of this invention are 

30 formed by blending with the synthetic lubricating 
oils as described in Examples 1. 2, and 3. 0.02% 
of a mixture of p-diethylaminoazobenzene having a 
maximum absorption wavelength of 420 mil- 
limicrons and 1 ,4-diisopropylaminoanthraquinone 

35 having a maximum absorption wavelength of 640 
millimicrons and an approximate pour point of - 
46* C. Leakage or spillage of these substantially 
tMOdegradable lubricant compositions is readily 
perceived visually. 

40 

EXAMPLE 9 

Three chromophoric lubricant and functional 
fluid base oil compositions off this invention are 
45 formed by blending with the synthetic lubricating 
oils as described in Examples 1. 2. and 3. 0.025% 
of t)enzene-a20-2-naphthol having a maximum ab- 
sorption wavelength of 400 millimicrons and an 
approximate pour point of -23 'C. Leakage or spill- 
so age of these substantially biodegradable lubricant 
compositions is readily perceived visually. 

EXAMPLE 10 

55 A functional fluid is formed by blending to- 
gether equal volumes of the hydrogenated poly-a- 
olefin synthetic lubricating oil as described in Ex- 
ample 1 and rapeseed oil. This functional fluid is 
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provided for use as a hydraulic fluid and solvent for 
herbicides. When the functional fluid is released to 
the natural environment, it is biodegraded to a 
greater extent than a conventional mineral oil of the 
same viscosity. 

EXAMPLE 11 

A series of 16 chromophoric substantially 
biodegradable base oil compositions of this inven- 
tion are formed by dissolving the combination of 
Hoechst Fat Blue B at a concentration equivalent to 
0.04g/400mL and Hoechst Fat Yellow 3 G at a 
concentration equivalent to 0.10 g/400mL into 
HITEC 162 polytr-olefin otl. into HITEC 164 po!y-a- 
olefin oil, into HITEC 166 poly-aolefin oil, into 
HITEC 168 poly-a^olefin oil. and into each of the 12 
blends of such oOs described hereinabove in detail 
both as regards composition and properties. When 
in contact with microbiological agents in the natural 
environment (soil or water) such base oils are sut>- 
stantially biodegraded into Innocuous materials. 

Tbe substantiafty biodegradable hjbricants and 
functional fluids of this invention can be employed 
in a wide variety of applications. For example they 
can be employed as base oils for crankcase lubric- 
ants, automotive gear lubricants, transmission oils, 
hydraulic oils, paper mill oils, compressor oils, out- 
t)oard motor lubricants, chain saw lubricants, car- 
riers for herbicides and plant growth regulants, and 
for other similar uses. When in the course of such 
usage the substantially biodegradable t>ase oils of 
this invention are released into the environment, 
accidentally or otherwise, and come in contact with 
microbiological agents in the natural environment, 
the oils are substantially biodegraded and thus 
such oils are much less offensive to the environ- 
ment than substantially non-biodegradable base 
oils. 

Well known addith^es which may be included in 
the compositions of this invention include the zinc 
dialkyi (C3-C10). (icycloalkyi (Cs-Cao). and/or diaryl 
(C6-C20) dithiophosphate wear inhibitors, generally 
present in amounts of about 0.5 to 5 weight per- 
cent. Useful detergents include the oil-soluble nor- 
mal basic or oveft)ased metal, e.g.. calcium, mag- 
nesium, barium, etc.. saKs of petroleum naphthenic 
acids, petroleum sulfonic acids, alkyi benzene sul- 
fonic acids, oil-soluble fatty acids. alkyI salicylic 
acids, sulphurised or unsulphurised alkyl phenates, 
and hydrolysed or unhydrolysed phosphosulphuris- 
ed polyolefins. Gasoline engine crankcase lubric- 
ants typically contain, for example, from 0.5 to 5 
weight percent of one or more detergent additives. 
Diesel engine crankcase oils may contain substan- 
tially higher levels of detergent additives. Preferred 
detergents are the cak:ium and magnesium normal 
or overbased phenates. sulphurised phenates or 



sulfonates. 

Pour point depressants which may be present 
in amounts of from 0.01 to 2 weight percent in- 
clude wax alkylated aron\atic hydrocarbons, olefin 

5 polymers and copolymers, and acrylate and 
methacrylate polymers and copolymers. 

Viscosity index improvers, the concentrations 
of which may vary in the lubricants from 0.2 to 15 
weight percent, (preferably from about 0.5 to about 

10 5 weight percent) depending on the viscosity grade 
required, include hydrocarbon polymers grafted 
with, for example, nitrogef>-containing monomers, 
olefin polymers such as polybutene, ethylene-pro- 
pylene copolymers, hydroger^ed polymers and 

IS copolynwrs and terpolymers of styrerie with iso- 
prene and/or butadiene, polymers of alkyl acrylates 
or alkyl methacrylates. copolymers of alkyl 
methacrylates with N-vinyl pyrrolidone or 
dimethylaminoaikyi methacrylate, post-grafted poly- 

20 mers of ethylerw-propylene with an active mon- 
omer such as maleic anhydride which may be 
further reacted with an alcohol or an alkylene 
polyamine. styrene/maletc anhydride polymers 
post-treated with alcohols and amines, etc. 

25 Antiwear activity can be provided by about 
0.01 to 2 weight percent in the oil of the aforemen- 
tioned metal dihydrocarbyl dithksphosphates and 
the conesponding F)recursor esters, phosphosul- 
phurised pinenes. sulphurised olefins and hydro- 

30 carbons, sulphurised fatty esters and alkyl polysul- 
phides. Prefened are the zinc dihydrocarbyl 
dithiophosphates which are salts of dihydrocari^yl 
esters of dithiophosphoric acids. 

Other additives include effective amounts of 

35 friction modifiers or fuel economy additives such as 
the alkyl phosphonates as disclosed in U.S. 
4.356,097, aliphatic hydrocarbyl substituted suc- 
dnimides as disclosed in EPO 0020037, dimer acid 
esters, as disclosed in U.S. 4.105,571. oleamide. 

40 etc.. whk*) are present in the oil in amounts of 0.1 
to 5 weight percent. Glycerol deates are another 
example of fuel economy additives and these are 
usually present in very small amounts, such as 
0.05 to 0.2 weight percent based on the weight of 

45 the formulated oil. 

Antioxidants or thermal stabilisers which may 
be used include hindered phenols, methytene- 
bridged polyphenols, aromatic amine antioxidants, 
sulphurised phenols, alkyl phenothiazines. substi- 

50 tuted triazines and ureas, and copper compounds 
such as copper naphthenate and copper oleate, 
among others. 

Detergents and dispersants can also be used 
in the compositions of this invention, again subject 

55 to the proviso that the material used not interfere 
with the substantial biodegradability of the overall 
composition. Typical dispersants include the reac- 
tion products of hydrocarbyl-substituted acylating 
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agents such as alkenyl- or alkyl-substituted suc- 
cinic acid or anhydride with amines, phenols, al- 
cohols, aminoalcohols, or basic inorganic materiate. 
Polyiosubtenyl succinimides of alkytene 
polyamlnes are preferred dispersants of this type- 
Numerous references descritw such materials 
and their use. See for example U.S. Pat. Nos. 



3.163.603; 
3.271.310 
3,311.558 
3.346,493 
3.415,750 
3.448.049 
3.501,405 
3.543.678 
3.630,904 
3.725.441 



3.184,474 
3,272.746 
3.316.177 
3.351.552 
3.433.744 
3.451.933 
3,522.179 
3.567,637 
3,632.510 



3,215.707; 
3.281.357 
3,340.281 
3.381,022 
3,444,170 
3,454.607 
3,541.012 
3,574,101 
3,632.511 



3,219,666; 
3,306.908 
3.341.542 
3.399.141 
3.448.048; 
3,467.668 
3.542.680 
3,575.743 
3.697.428 



4,234,435; Re 26,433. 
Also useful are products formed by reacting 
aliphatic or alicyclic halides with amines as de- 
scribed, for example, in U.S. 3. 275.554; 3,438.757; 
3.454.555; and 3.565,804. 

Mannich reaction products are another typia of 
useful ashless dispersani Dispersants of this type 
are described for example, in U.S. Pat. Nos. 



2.459,112 
3.166.516 
3.413.347 
3.459.661 
3.558.743 
3.634.515; 
3.725.480 



2,962.442 
3.236.770 
3.442.808 
3,461.172 
3.586,629 
3.649,229; 



; 2,984.550 


3.036,003; 


; 3.355.270 


3.368.972: 


; 3,448.047 


3.454,497; 


; 3.493.520 


3.539,633; 


; 3,591.598 


. 3.600.372; 


; 3,697,574 


; 3,725,277; 



; 3,200,107 


3,216.936; 


: 3.278.550 


3,280234; 


; 3.312,619 


3,366.569; 


; 3,403,102 


3,442308; 


; 3.493.520 


. 3.502.677; 


; 3.539.633 


3.573.010; 


; 3.600.372 


; 3,639242; 


; 3.658.836 


: 3.697.574: 



3,704,308; 3,708,422; and 



3.726.882; and 3.980.569. 
Products formed by post-treating the various 
types of dispersants referred to atKJve with suitable 
reactants are also useful. See for example. U.S. 
3.036.003; 3.087.936 
3.254,025; 3256.185 
3,281.428; 3282,955 
3,367,943; 3.373,111 
3,455.831; 3,455.832 
3.513.093: 3,533,945 
3.579.450; 3.591 
3.649.229: 3.649.659 
3,702,757; 3.703,536 
4,857214. 

Polymeric dispersants such as interpolymers of 
decyl methacrylate. vinyl decyl ether and high mo- 
lecular weight olefins with monomers containing 
polar substituents. e.g.. aminoalkyi acrylates or ac- 
rylamides. and poly(oxyethylene)acrylates. Materi- 
als of this general type are described, for example 
in U.S. Pat. Nos. 3.329,658; 3.449.250; 3.519.565; 
3.666.730: 3.687.849: and 3.702,300. 

Extreme pressure agents which also have 
corrosion-inhibiting and oxidation-inhibiting proper- 
ties can also be used. These include chlorinated 
aliphatic hydrocarbons such as chlorinated wax; 
organic sulphides and polysulphides such as ben- 
zyl disulphide, bis(chlorobenzyl)disulphide, dibutyl 



tetrasulphide. sulphurised methyl ester of oleic 
acid, sulpJuirised alkylphenol. sulphurised dipen- 
tene. and sulphurised terpene; phosphosulphurised 
hydrocarbons such as the reaction product of a 

5 phosphorus sulphide with turpentme or methyl 
oleate. phosphorus esters inctudtfig principally 
dihydrocarbon and trihydrocartxxi phosphites such 
as dibutyl phosphite, dipeptyl phosphite, 
dicyciohexyl phosphite, pentylphenyl phosphite, 

70 dipentylphenyl phosphite, tridecyf phosphite, dis- 
tearyl phosphite, dimethyl naphthyt phosphite, oleyl 
4-pentylphenyl phosphfte. polypropylene 
(molecular weight 500>-5ut>stituted phenyl 
phospNte. diisobutyl-sut>stituted phenyl phosphite; 

15 metal thiocarbamates, such as zinc dkxrtyldrthiocar- 
t>amate, arKj barium heptylphenyt dithiocarbamate; 
Group II metal phosphorocfithk>atBS such as zinc 
dicyclohexylphosphorodithioates. zinc dioctyl- 
phosphorodithioate. barium di(heptylphenyl)- 

20 phosphorodtthioates. cadmium dinonyl- 
phosphorodtthioates. and the zinc salt of a 
phosphorodithkx; acid produced by the reaction of 
phosphorus pentasulfide wiht an eqUmolar mixture 
of Isopropyl alcohol and n4wxyl afeohol. 

25 Many of the above-fTwntioned auxiliary extreme 
pressure agents and corroskxKsddation inhibitors 
also serve as antiwear agents. Zinc dialkyl- 
phosphorodithioates are a well known example. 
Tackiness additives such as HfTEC® 151 Ad- 

30 ditive are also useful. 

Other well known components such as rust 
inhibitors, wax modifiers, foam inhibitors, copper 
passn^ors. sulphur scavengers, seal swell agents, 
color stabilisers, and like materials can be included 

35 in the compositions of this inventton, provided of 
course that they are compatible with the base 
lubrkant and the other component or components 
being employed. 

40 Claims 

1. The use, in an operatkxi wherein lubricating oil 
or functional fluid is liable to be released into 
the environment, accidentally or otherwise, of a 

45 substantially biodegradable kjbricating oil or 
functkxial fluid at least 10 percent by volume 
of whkii is composed of at least one substan- 
tially biodegradable liquid hydrocartx>n of 
lutxicating viscosity formed by oiigomerisation 

50 of 1-aikene hydrocarbon having 6 to 20 carbon 
atoms in the molecule and hydrogenation of 
the resultant oligomer. 

2. The use according to daim 1 wherein the 
55 operation comprises the operation of a chain 

saw, an outboard motor, a hydraulic system, a 
motor vehicle, or earth-moving equipment. 
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3. The use according to claim 1 or 2 wherein the 
substantially biodegradable lubricating oil or 
functional fluid contains at least 50 percent by 
volume of the at least one substantially biodeg- 
radable liquid hydrocart)on. s 

4. The use according to any one of claims 1 to 3 
wherein the at least one substantially biodeg- 
radable liquid hydrocarbon constitutes substan- 
tially the base oil of the entire lubricating oil or io 
functional fluid. 

5. The use according to any one of claims 1 to 4 
wherein the at least one sut>stantially biodeg- 
radable liquid hydrocartx)n contains a small is 
visually-perceptible chronrK)phoric quantity of 
least one oil-soluble chromophoric substance. 

6. A substantially biodegradable lubrfcating oil or 
functional fluid composition which comprises at 20 
least 10% by volume of at least one substan- 
tially biodegradable liquid hydrocartxm of 
lubricating viscosity formed by oligomerisation 

of 1-aikene hydrocarbon having 6 to 20 carbon 
atoms in the motecule and hydrogenation of 2s 
the resultant oligonwr. 

7- A composition according to claim 6 wherein 
the substantially biodegradable lut)ricating oil 
or functional fluid contains at least 50 percent oo 
by volume of the at least one substantially 
biodegradable liquid hydrocarbon. 

& A composition according to claim 6 or 7 

wherein the at least one substantially biodeg- 35 
radable liquid hydrocartxm contains a small 
visually-perceptible chromophoric quantity of 
at least one oil-soluble chromophoric sub- 
stance. 

40 

9. Method of operating machinery requiring a lu- 
bricant or functional fluid under conditions 
such that said lubricant or functional fluid may 
escape into the environment wherein said lu- 
bricant or functional fluid is a composition as 45 
claimed in any of claims 6 to 8. 

10. Method according to claim 9 wherein said lu- 
bricant or functional fluid escapes, during op- 
eration of said machinery, into the environment so 
and is sufc>stantially biodegraded by a micro- 
biological agent in said environment. 

55 
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